Abstract Land management decisions have extensively modified land use and land cover in the Zambezi Region. These decisions are influenced by land tenure classifications, legislation, and livelihoods. Land use and land cover change is an important indicator for quantifying the effectiveness of different land management strategies. However, there has been no evidence on whether protected or communal land tenure is more affected by land use and land cover changes in southern Africa and particularly Namibia. Our study attempted to fill this gap by analyzing the relationship between land use and land cover change and land tenure regimes stratified according to protected and communal area in the Zambezi Region. Multi-temporal Landsat TM and ETM+ imagery were used to determine the temporal dynamics of land use and land cover change from 1984 to 2010. The landscape showed distinctive modifications over the study period; broad trends include the increase in forest land after 1991. However, changes were not uniform across the study areas. Two landscape development stages were deduced: (1) The results further show clear patterns of the dynamics, magnitude, and direction of land use and land cover change by tenure regime. The study concluded that land tenure has a direct impact on land use and land cover, since it may restrict some activities carried out on the land in the Zambezi Region.
Introduction
Land use and land cover (LULC) changes have had implications for land use suitability with subsequent impacts on natural vegetation cover, biodiversity, socio-economic stability and food security. This may have raised interest to characterize LULC for planning and policy development (Farrow and Winograd 2001; Lambin and Geist 2006; Turner et al. 2007) . The terms, land use and land cover change are often used interchangeably but the two have different meanings. In particular, land use describes activities that take place on the land while land cover describes the natural and anthropogenic features that can be observed on the land (FAO and UNEP 1999) . With modern advances in remote sensing and geographic information systems (GIS), it is possible to identify and examine LULC more efficiently and effectively than in the past. The LULC information is important for environmental monitoring, planning and climate change modeling. This is because changes in LULC influences the ecological and economic development, in this case, of the southern African dry lands.
Over the last 26 years, the Zambezi Region in Namibia has been subjected to LULC changes, both Bnatural^and Bman-made^due to changing socioeconomic frameworks (Kamwi et al. 2015) . The Region is a biodiversity hotspot and part of the Kavango Zambezi Conservation Area. While the LULC changes have been documented for other regions of Namibia (FAO-FRA 2010) , the actual changes have not been adequately quantified in the Zambezi Region. It is well established that drivers of change such as population increase, technological change and economic sector shifts are associated with the process of agricultural intensification and extensification that usually impacts on the forest resources (Mortimore et al. 2005; Smith et al. 1994) . These drivers include agriculture, wood extraction, infrastructural development, policy and institutional factors (Turner and Meyer 1994; Geist and Lambin 2002) . Of recent, Kamwi et al. (2015) reported that the drivers of LULC change included agricultural expansion, population increase, and illegal logging in the Zambezi Region. These drivers may be differentiated into proximate causes of LULC change such as the immediate and direct human activities at the local level while the underlying driving forces are caused by regional or global complex interactions among policies (Lambin 1997; Ojima et al. 1994) .
The Zambezi Region represents a highly complex political and social-ecological system, where the variation in physio-geographic characteristics of LULC reflects important historic dates and socio-economic frameworks. The Region has a dual land tenure system comprising of the protected and communal land which originates from the colonial system. The protected area comprises of forest reserves to meet the country's conservation objectives. They provide an important core to a greater system of conservation areas that are both ecologically linked. On the other hand, communal land tenure is primarily based on customs and refers to the rules accepted by a group of the ways in which the land is held, used, transferred, and transmitted (Waiganjo and Ngugi 2001) . In the Zambezi Region, communal land is centered on chieftaincy system. From the LULC perspective, land tenure determines the access to land and is a critical variable in the management of natural and environmental resources.
Of note is that LULC information is currently not available for the Zambezi Region. Other research on LULC were carried out in Namibia by Erkkilä and Löfman (1999) ; Tokola et al. (1999) ; Verlinden and Laamanen (2006) . Although these studies provide useful insights into specific impacts of changes in LULC, they are, however, restricted in scope, focusing mainly on methodologies rather than on the quantification of changes in the different land tenure types of the landscape. In light of these developments, understanding the LULC change trajectories under different land tenure types is important in predicting LULC changes relevant to the protected and communal area in the future and may help to develop effective conservation and management strategies.
Our study attempts to analyze the difference both with respect to different land tenure systems as well as in dependency of important historic dates and changing socio-economic frameworks in northeast Namibia. In Namibia, the 1984-1991 (first epoch), 1991-2000 (second epoch) , and 2000-2010 (third epoch) respectively represent the periods before independence (1990), the resettlement after independence and when sustainable forest management initiatives such as community forestry began. These epochs are characterized by different LULC types and transitions. In this study we seek to (1) determine and compare trends of LULC within the protected and communal area landscapes during the 26-year time period and; (2) quantify LULC change in the Zambezi Region, Namibia. This study will provide a more comprehensive understanding of the dynamics of LULC process according to different development types realized by differentiated management.
Material and methods

Description of the study area
The Zambezi Region is one of Namibia's national biodiversity hotspots and is located in the northeast of the country (Fig. 1 ), sharing borders with Angola, Botswana, Zambia, and Zimbabwe. The total area of study area covers around 606,800 ha of which Kongola covers approximately 418,800 ha (protected area) and Sibbinda covers approximately 188,000 ha (communal area). Both the Kongola and Sibbinda Constituencies are electoral Constituencies of the Zambezi Region. Thus, there is no distinct boundary between these constituencies but they are stratified according to governance. Kongola is a conventional protected area (e.g., national park) with people living outside its borders. It comprises Bwabwata National Park, Mamili, and Mudumu game reserves. These protected areas contain rigorous management strategies of forests for wildlife habitats. The Ministry of Environment and Tourism, which is a central government body, is responsible for the day to day management of the protected areas. Tree-cutting, hunting, and deliberate burning are all prohibited within the protected areas.
The general landscape is topographically homogenous, with an altitude of about 950 m above sea level, and a semi-tropical climate with alternating dry and wet seasons. Deep Kalahari windblown sand forming dunes of between 20 and 60 m in length is predominantly found in the western part of the study area. The typical annual precipitation ranges from 650 mm in the western parts of the region to 900 mm in the east, and falls between October and March with a marked dry season between May and September (Mendelsohn et al. 2009 ). The vegetation, classified by Giess (1998) and Kamwi (2003) as woodland savanna, is predominantly comprised of Baikiaea plurijuga (Zambezi teak), Guibourtia coleosperma (African rosewood), Pterocarpus angolensis (Kiaat), Burkea africana (Wild seringa), and Dialium engleranum (Kalahari podberry).
Census data has shown that the protected area had a population of 4419 people in 2000 and in 2010 the population was 5658. On the other hand, the total population in the communal area in 2000 was 9190 and, in 2010, the total population was 10,182 (Central Bureau of Statistics 2010). The main livelihood activity within the study area is subsistence farming which includes the production of Zea mays (maize), Pennisetum glaucum (millet) and Sorghum bicolor (sorghum) (Central Bureau of Statistics 2010), and piecework, food aid, borrowing from relatives and wild food collection (Kamwi et al. 2015) .
Image pre-processing
We mapped LULC based on a set of Thematic Mapper and Enhanced Thematic Mapper images from the Landsat-5 TM and Landsat-7 ETM+ from the University of Maryland's Global Land Cover Facility (GLCF) (http://glcapp.umiacs.umd.edu) and United States Geological Survey (USGS) Earth Resources Observation Systems (EROS) Data Center (EDC) (http://glovis.usgs. gov). Landsat-5 TM with spectral ranges of 0.45-2.35 μm and 2.08-2.35 μm were used. Landsat-7 ETM+ with spectral ranges of 0.45-12.5 μm were used. Landsat-5 TM images had a geometric resolution of 30 m and six bands in the visible, near-and mid-infrared portion of the wavelength spectrum. Landsat-7 ETM+ images had a panchromatic band with 15 m spatial resolution, instantaneous field 1984; 06.03.1991; 22.03.2000 and 06.04.2010 . A mosaic of the images was created by spatially orienting them and balancing their numeric characteristics. Images were radiometrically corrected before mosaicking them. The images used were taken during the late wet season and early dry seasons. During this period, the woodyvegetationisstill in fullleaf whiletheherbaceous layer is dry, thus eliminating the variability in reflectance values that must be associated with annual variation in the herbaceous plant cover. In addition, images taken at the end of the rainy season and early dry season contains less cloud cover and less soil and vegetation moisture, which is good for discriminating LULC types. Taking these temporal considerations into account, images taken at the end of the rainy and early dry season in Namibia are optimal for detecting woody plant vegetation (FAO 1996; Tokola et al. 1999; Erkkilä and Löfman 1999) . The default standard ortho-correction of level 1T (terrain corrected) for Landsat products was used. Both Landsat-5 TM and Landsat-7 ETM+ images did not exhibit radiometric noise in the scenes under investigation.
Satellite image classification
Based on the prior knowledge of the study area, we adapted the classification scheme developed by Mendelsohn et al. (2009) to derive the LULC classes. Nonetheless, with medium spectral and spatial resolution used in this study, the images were independently classified into five land cover classes (see Table 1 ) using a Maximum Likelihood Algorithm (MLA) because of its robustness (Yuan et al. 2005; Diallo et al. 2009; Serra et al. 2003) . For this reason, we used MLA in Erdas 2010 for supervised classification for the spectral classification of the Landsat images. The MLA classification uses the probability density function that is associated with a particular signature. In this case, the pixels are assigned the label of the most likely category based on an evaluation of the subsequent probability that the pixel belongs to the class with the highest probability of membership (Jensen 1996) . The maximum likelihood classifiers, which are a widely used form of supervised classification, assume the training data statistics for each class in each band are normally distributed and calculates the probability that a given pixel belongs to a specific class. In this case, the threshold is the radius (in standard deviation units) of a hyper-ellipse surrounding the mean of the class in the feature space.
A total of 240 ground points were randomly collected in which 142 were used as reference points for image classification and 98 points were used for accuracy assessment of the 2010 classified images taking into account the challenges of traveling through the landscape. In addition, landscapes in northeastern Namibia are not too diverse thus not requiring a high number of control points. These points were randomly distributed on the study area. The classified image of 2010 was used as reference to classify historical images. In this case, the signatures used for the 2010 image were superimposed on the older images. Considerations were made to ensure that the images were captured at comparable phenological dates during the study period. In addition, historical images (1984, 1991, and 2000) were further visually interpreted taking into account the image tone, texture, shape, and pattern of the classes (Lillesand et al. 2003) . Information on dominant LULC was recorded, including estimation if the encountered LULC had undergone recent transformation or if it could be considered stable for the recent observation period (2010). Furthermore, informal discussions with communities in the study area were conducted to determine the LULC types which previously occurred in the study area.
However, difficulty was experienced in the separation of crop land and grass land due to their similarity at the time the images were recorded and difficulty in interpreting them. This complicated differentiation of classes could be done using multi-temporal datasets which were not readily available for the study area. Nonetheless, our knowledge and experience from field survey and Google Earth images, training data were aggregated to merge the classes before carrying out the actual image classification. Table 1 was used for interpreting the 2010 images. This same LULC description was also used in the classification of the historical images. The accuracy of relevant LULC class changes depends on spectral separability of classes involved (Mas 1999) . Signature separability is a statistical measure of the distance between two signatures and can be calculated for any combination of bands which were used for image classification. This enables the ruling out of any bands which are not useful in the result of the classification (Erdas 1999) . We performed an evaluation of collected signatures through exploratory analysis of histogram and computing signature separability using transformed divergence for a distance between signatures. The separability of classes was done based on the methodology provided by Manandhar et al. (2009); Jensen (1996) and Apan et al. (2002) .
Land use and land cover change detection A post classification change detection method was used to analyze the changes in LULC. This method involves pixel to pixel comparison of the study year images through overlay to determine which LULC class is actually changing to which LULC class. This directional information reveals both the desirable and undesirable changes and classes that are Brelatively^stable overtime and may aid management decisions. Erdas Imagine version 2010 and ArcGIS 9.3 were used for image processing (Leica 2007) .
Accuracy assessment
The users of LULC maps need to know how accurate the classified maps are in order to use the data more effectively and efficiently (Smits et al. 1999; Plourde and Congalton 2003) . The accuracy assessment was carried out using 98 independent ground points out of the 240 points were selected for accuracy assessment based on their accessibility. The ground reference points were sampled before the classification, opposed to the standard procedure of stratified random sampling after classification. Therefore, the number of points might not reflect the number of points required according to the classification, and consequently lead to a bias in the accuracy assessment. Ground truthing was generally limited due to inaccessibility of some areas. Each reference point was covered by three pixels of 30 m. The classification accuracy was done by comparing the classified images with the reference data from the 98 points. The most widely promoted classification accuracy is in the form of error matrix which can be used to derive a series of descriptive and analytical statistics (Congalton 1991; Foody 2002) . Confusion matrices and associated Kappa statistics of the agreement of each class were then generated (Congalton 1991; Rosenfield and Fitzpatric-Lins 1986) .
In order to determine the confidence limits of percentage correct for individual categories, a two-tailed test was used. Therefore, the upper and lower confidence limits for a two-tailed binomial distribution at a 95% confidence level were calculated using the equation provided by Jensen (1996) .
Where:
p the 95% confidence limits x percent correct for the class y 100 -x n the number of observations in a particular class If the confidence interval for percentage correct for an individual category is greater than the minimum required accuracy for a specific category, then the accuracy of classification of that individual class meets or exceeds the minimum accuracy (5%) for that category at 95% confidence. Table 2 shows the overall accuracy values of the 2010 classified images generated from 98 ground reference points.
Results
Image classification
The accuracy assessment on the 2010 classified image showed an overall classification accuracy of 81.63% and an overall Kappa Statistic of 0.72. That is, we obtained a combined error of up to 18% in the 2010 classification and this error propagated through the change data obtained in this study. In terms of classification accuracy, Monserud (1990) suggested the use of subjective Kappa value as <40% as poor, 40-55% fair, 55-70% good, 70-85% very good, and >85% as excellent (Landis and Koch 1987) . In view of these criteria, the classification results obtained in this study (81.6%) and the Kappa statistic of 0.72 denote very good agreement between classes which is considered sufficient to meet the classification demands of LULC in the Zambezi Region. The overall classification accuracies for 1984 was 79.6%; 1991 was 75.5% and 2000 was 80.6%. In satellite-based classifications using Landsat imagery, most authors have claimed accuracy of between 60 and 90% (Mango 2010) .
The inspection of the confusion matrix shows how well the classified image represented conditions on the ground. Diagonal values display the agreement between the expected classification and the ground reference data, while off-diagonal values represent disagreement. Row marginal represents the number of points by category from the field data while column marginals represent the number of each class as defined by the satellite image. Table 3 shows that all 12 ground truth points of shrub land were classified as shrub land in the classified image. However, 2 points of the other land were misclassified as forest land. Among the 12 classified points of crop/grass land, 4 were excluded from the crop/grass class in the classification and ended up in the shrub land class while 2 were also wrongly classified as forest land. A considerable misclassification was found among the 55 points for forest land, in which 5 were classified as shrub land and 2 as crop/grass land.
Furthermore, forest land, shrub land, and crop/grass land showed marginal overlaps. Supervised classification confirmed these spectral overlaps which indicate that there are classification errors between forest land, shrub land, and crop/grass land. Moreover, these spectral overlaps are not unique to these classes (Table 4) . Table 4 shows the transformed distance separability listings.
Land use and land cover in the test area
Results from the image processing revealed significant changes within LULC classes (Fig. 2) . In general, Italic values displays the agreement between the expected classification and the ground reference data forests were the dominant land cover type followed by shrub land. A closer inspection of the classified maps revealed that while forests occur primarily in the northern part of the study area during all the epochs, it progressively covered most parts of the study between 2000 and 2010. In 1984 and 1991, forest land was predominantly in the middle part of the study area. However, forest land was also found in the eastern/ southeastern part of the area in 2000. In 2010, forest land covered almost the entire study area. In all dates, shrub land was predominantly found in the western part of the study area. Figure 3 shows the spatial representation of the changed areas in the third epoch (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) within the protected area. The conversion from shrub land to forest land was significant (120,192.75 ha) and occurred mainly in the western and eastern parts of the study area. Bare land to other land (2.34 ha) also occurred mostly in the western part of the study area where sand dunes are found. Other land to shrub land (189.72 ha) was found mainly along the wet lands. Figure 4 shows the unchanged areas in the third epoch (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) within the protected area. In terms of unchanged classes, it is interesting to note that forest land (211,816.62 ha) dominated the protected area and was distributed throughout the entire protected area. This was followed by shrub land (40,507.74 ha) which occurred mainly in the western part of the protected area. Figure 5 shows the changed areas in the third epoch (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) within the communal area. It is interesting to note that the conversion from crop/grass land to forest land was 11,634.21 ha and shrub land to crop land was 5213.26 ha. Bare land to other land (3.69 ha) also occurred mostly in the north western part of the study area where sand dunes are found. Figure 6 shows the unchanged areas in the third epoch (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) within the communal area. In terms of unchanged classes, it is noteworthy that forest land was the dominant class (81,621.63 ha) followed by crop/grass land (9232.47 ha) and shrub land (6350.94 ha). Land use and land cover 
Unchanged areas
Land use and land cover change analysis
Area-based tables show the changes in various LULC classes in hectares (ha) and the proportion of change in percentage (%) during the first, second, and third epochs (Tables 6 and 7 ). The total on the right hand (column 6) sums up the LULC areas at the beginning of the epoch under examination, while the row total sums up the LULC at the end of the epoch.
Protected area
According to the cross-tabulation (Table 6 ), the LULC analysis in the protected area shows that forest land was reduced due to the heavy loss of this class to shrub land and crop/grass land during the first epoch. On the other hand, bare land increased by 811 ha annually due to the removals of the tree cover while crop/grass land decreased by 10,911 ha annually. A massive increase in shrub land increase of 17,082 ha per year was observed while other land recorded an increase from 102 ha per year during the first epoch. During the second epoch, forest land increased by 4374 ha per year. Similarly, crop/grass land increased by 217 ha per year. On the other hand, bare land drastically reduced by 970 ha per year while shrub land decreased by 3627 ha per year whilst other land increased by 6 ha per year. During the third epoch, forest land increased by 11,542 ha per year whereas bare land recorded an increase of 379 ha per year. Figure 7 shows the balance (calculated by gain minus loss per year) in LULC in the study area during the first, second, and third epochs and the overall LULC balance in the protected area. Crop/grass land, other land, and bare land showed a negative balance. On the other hand, forest land showed a marked increase followed by shrub land. Other land (4) Crop/grass land (5) Total ( Other land (4) Crop/grass land (5) Total ( Figure 8 shows the balance (calculated by gain minus loss per year) in LULC in the study area during the first, second, and third epochs and the overall LULC balance in the protected area. Crop/grass land, other land, and bare land showed a negative balance. On the other hand, forest land showed a marked increase followed by shrub land.
Communal area
Discussion
The interaction between humans and the environment they live in is a central theme in LULC issues (McCusker and Weiner 2003) . The extent of such an interaction is wide-ranging and embraces the resources, stakeholders, and institutions at multiple levels (Moore 1993; Levin and Weiner 1997) . Land use and land cover changes also determine, in part, the vulnerability of places and people to climatic, economic, or socio-political perturbations (Kasperson et al. 1995) . This study applied remote sensing techniques to classify satellite imagery of the Zambezi Region of Namibia from 1984 to 2010. Our objective was to identify the locations, types and trends of the major LULCs during the 26-year period that followed the change in political system in Namibia. Although land cover was directly observed in the field, observations of land use, and its changes were generally not straight forward. For instance, distinguishing between crop fields and grass lands was not straightforward using remote sensing due to the similarity of their spectral signatures. In the early dry season, a large amount of the crop fields are still mixed with grasses making it difficult to distinguish between them. Despite the good classification obtained in this study, there were some general issues which may have reduced the accuracy of the overall classification. For example, the spectral signature of trees (which constitutes forest land) were mixing with the signature of shrubs, resulting in low producer's accuracies for the 2010 classified map due to their noisy Landsat spectral signatures and difficulty in interpreting them. This was also encountered by Lucas et al. (1993); Lu et al. (2003) and Foody (2002) . With the differences in the image dates, there is a danger that this may have influenced the spectral properties of the changes on the ground. However, to overcome this danger, three considerations were established. First, the end of the rainy season in the study area varies and the selection of images was done based on the meteorological data which shows the end of the rainy season during specific years. Second, intensive ground truthing with 98 reference points was carried out in the study area at the end of the rainy and during the dry season. Third, the images were visually interpreted using the same scale. However, the confusion matrix showed that forest land and crop/grass land were difficult to classify as many of such ground point data were excluded from the forest land and crop/grass land classes. Thus, the areas of these classes in the classified image are probably underestimated. Integration of remotely sensed data with other sources of georeferenced information, such as previous LULC data, spatial texture, and digital elevation models (along with their derivatives such as slope and aspect), geology, soils, hydrology, transportation network, vegetation, may enable to achieve greater classification accuracy (Stefanov et al. 2001; Yang and Lo 2002; Stuckens et al. 2000) .
In this study, the LULC change trajectories of primary interest included the conversions Bto-and-from forest land^and the conversions Bto-and-from crop/grass land^because these classes directly affect livelihoods, particularly in the communal area. Unchanged areas, particularly forest land and shrub land, are of exceptional importance for biodiversity management, timber and non-timber product supply, and carbon storage in the study area. In addition, unchanged areas provide additional forest habitat, buffering edge effects, and increases connectivity between forest patches (Koizumi et al. 2010) . Comparing the change diagnostics in the protected area, forest land and shrub land were the LULC classes which showed greater stability. It is this pattern of LULC, relatively free from human influence, which accounts for the extensive areas of semi-natural habitats in forest and shrub land that characterize the protected area in the Zambezi Region. Bengtsson et al. (2003) highlighted that although protected areas are subjected to both natural and human-induced disturbances at various scales, the intensification of disturbance arising from human activity is their key threat. The large areas of unchanged forest land may provide an indication of the effectiveness of rigorous forestry management efforts implemented by the Government during the third epoch. Features of this paradigm included the management for socioeconomic objectives as well as biodiversity conservation in the Zambezi Region. Balance diagnostics in the protected area show that the LULCs are non-permanent during all the periods under investigation. From the forestry and a LULC viewpoint, there has been a continuous gain in forest land after independence in 1990 when forest management programs began to be implemented in the study area. Similar studies of LULCs resulting from policy changes have also been reported in other countries (Murphree and Cumming 1993) .
In the communal area, the reduction in forest land in the first epoch was attributed to the full-scale sawmilling operations before independence in 1990. Selective logging for economical reasons may have a complex array of canopy gaps caused by tree falls. In particular, valuable timber tree species such as Pterocarpus angolensis were selectively logged and this may have contributed to the degradation of forests. In addition, systematic forestry policy and regulations for forest resource use were not effectively enforced during the first epoch due to the hostilities and the intensification of the liberation war. The reduction in the number of bigger sized trees harvested for sawmilling may have provided an opportunity for shrubs to colonize the forest lands. Similarly, there were few agricultural-based economic opportunities before independence which may have caused crop/ grass land to decrease. During the second epoch, forest land increased. This epoch corresponds closely with the election of the first democratic Government of Namibia in 1990. The Government developed a forest policy in 1991 to provide a legal framework to curb unsustainable utilization of forest resources. In this case, protection activities such as law enforcement and fire management were initiated. Crop/grass land increased during the second epoch as a result of controlled burning within the protected area for the purpose of enhancing grass quality and reducing shrub and bush encroachment. During the third epoch, forest land increased. The forest policy of 1991 was reviewed at the beginning of this epoch to empower local communities to manage their forest resources. Subsequently, the establishment of community forestry and conservancies by the forest and environmental departments on most forest lands with external assistance may have contributed to the increase in forest land area during this period (Girot 1998) . Furthermore, the Government intensified efforts for forest protection activities such as law enforcement, the establishment of the forest fire protection program, and awareness creation on the sustainable use of forests in the country (Barnes and de Jager 1996) .
Balance diagnostics in the communal area show that forest land in the first epoch reduced due to a heavy loss of this class to crop/grass land. Like in the protected area, this was attributed to sawmilling activities and inadequate law enforcement on forest utilization. During the second epoch, a number of policies and programs aimed at natural resource management were enacted. This may have had a marked impact on the increase in forest land. This is in line with national forest assessments which suggested that the total area of forest land continued to increase between 1990 and 2000 and 2000 (FAO 2006 ). On the other hand, this is contrary to findings in most East African countries where forest lands have been reduced as a result of the conversion into grazing land, farmland, or charcoal production (Olson et al. 2004 ). However, crop/grass land reduced during the same period. The decline in crop/grass land was attributed to the fact that after independence in 1990, socioeconomic opportunities opened up and people moved from rural areas to towns in search of formal employment and education which resulted in reduced agricultural activities in the villages (Central Bureau of Statistics 2010; Central Bureau of Statistics 2012). Furthermore, the decrease in crop/grass land is partially attributed to the abandonment of many agricultural plots located on flood plains by farmers due to flooding and wildlife damage. Similarly, bare land declined considerably due to the loss of this class to crop/grass land while the shrub land increased. During the third epoch, forest land increased while crop/grass land reduced during the same epoch. A decrease in crop/ grass land may be attributed to loss of crop fields which were abandoned due to flooding which affected the southern part of the study area. In this case, after abandonment, old fields may revert to some semblance of natural vegetation, or may develop into an intermediate or even degraded state depending on the type and intensity of the previous farming system, disturbances, seed bank quality and quantity (Feng et al. 2007; Nzunda 2011) . In addition, the loss of crop/grass land in flood plains may be due to the transient effect during high water periods, wherein low water period fields may be re-cultivated. On the other hand, bare land increased while shrub land decreased respectively and other land recorded a considerable increase during the third epoch. Similar to the protected area, the balance diagnostics in the communal area show that the changes are nonpermanent during all the epochs under investigation. Despite the negative change, i.e., a reduction in crop/ grass land during the first epoch, the crop/grass land recorded a positive change during the third epoch period. This increase is attributed to the restructuring of the agricultural extension services, increased support to small-scale farmers, and improved marketing incentives by the government. Similar results have been reported in Kenya when the government introduced incentive schemes to assist communal farmers with inputs and extension services (Mortimore et al. 2005) .
Conclusions and perspectives
This study addresses the issue of LULC change in a test area of the Zambezi Region with interesting socioeconomic implications. It analyzes the difference both with respect to different land tenure systems as well as in dependency of important historic dates and changing socioeconomic frameworks. The information on LULC is important because it provides information to many domains such as resource management, science, and policy development. The study was based on medium resolution satellite data. The medium resolution data does not permit a full insight into the Bquality^of the LULC classes. Since the Zambesian landscape is similar to other southern African hotspots in terms of soil and vegetation types, we suggest that our results may provide an important insight into conservation planning in southern Africa and other areas with similar environmental and socioeconomic conditions. There is also a need to investigate other remote sensing data sources such as Spot, Rapideye (with a red-edge band), or Sentinel-2 data to provide more detailed classification of LULC in order to improve the spectral discrimination caused by the complexity of the mixed natural LULC characteristics of savannah ecosystem woodland systems.
Our study provides no pragmatic evidence of direct interconnection between the mapped LULC and political and socioeconomic transformation of the Zambezi Region. However, the spatial trends of observed LULC suggest a distinct correlation. In terms of the drivers of LULC, livelihood mechanisms that facilitate socioeconomic development and policy factors such as Environmental Management Act of 2007, Communal Land Reform Act of 2002, Forest Act of 2001 and the Agricultural policy of 1995 seem to have played a significant role in influencing LULC. The analyses of the LULC trajectories revealed that the patterns of LULC are usually not permanent but are closely associated with political and policy changes. This study provides a reference baseline for monitoring LULC which has, undoubtedly, important conservation implications requiring appropriate and timely management interventions if the direction of change is not desirable according to conservation objectives being pursued in the area. The relationship between local climate change and LULC changes could be an important future research issue in the Zambezi Region.
